Scanning laser processing has become a useful and often used tool in thin film solar cell industries, since it enables precise, low cost, non-contact and highly automated fabrication processes such as scribing, patterning, marking , edge deletion, local melting and sintering. Dye Solar Cells (DSCs) are electrochemical photovoltaic devices representing an attractive technology for large area solar energy conversion since they utilize relatively cheap materials and simple manufacturing processes often "borrowed" from the printing industry. In this paper we show successful application oflaser processing to this technology.
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Apart from the conductive substrates the three main components of the cell are a mesoporous Ti0 2 layer composed of sintered Ti0 2 nanoparticles, an absorbing dye anchored to the Ti0 2 particles and an electrolyte (Fig. I) . One of the critical processes that determines cell performance is the formulation of Ti0 2 pastes used to deposit the Ti0 2 layer and the subsequent sintering procedure. This latter step is critical since it needs to guarantee good electromechanical bonding between the nanoparticles maintaining a sufficiently large porosity . The standard sintering procedure for Ti0 2 consist of -30 minutes oven baking at 450-500°C [I] . Developing a valid alternative using a scanning laser for the sintering process could bring about some of the advantages already mentioned above. Here we show that by using a IW UV (A = 355 nm, extra-cavity frequency tripled end diode pumped Nd:YV0 4 ) pulsed laser beam (pulse width > 10 ns, repetition rate = 30 kHz) with a Gaussian embedded intensity profile it is possible to effectively sinter the Ti0 2 layer for the realization of Dye Solar Cells showing comparable performance to devices where the Ti0 2 layer is sintered by the conventional oven baking procedure. In order to achieve this result it is important to identify the right combination of the laser system processing parameters (e.g. integrated laser fluence, beam diameter, scan speed, repetition rate, beam scan overlaps). We investigated how the power conversion efficiency 11 of the cells change with the integrated fluence <1> (P'cm") which , for a fixed peak power, is a particularly useful parameter to gauge since it represents the average irradiated energy per unit area of the laser over the Ti0 2 film. We varied this parameter by changing the defocusing distance therefore moving the processed Ti0 2 film far from the laser focus produced by a 160 mm fteta lens. Results obtained from a first DSCs batch shows that 11 varies considerably with <1> : for low integrated fluences and high defocusing distances the efficiency of the solar cell is low and comparable to the unsintered case and, starting from it reaches a maximum for <1> :::; 505 1*cm-2 [2] yielding a value equal to that of an oven sintered control cells (450°C, 30 min). A further increasing of <1> determines micro cracking on the Ti0 2 film and a consequent decrease of 11. We realized a second DSC batch focusing on the <1> values around the optimum cell performances achieving the interesting feature, desirable in a production process , where the efficiency value do not vary significantly. The best laser sintered cell we fabricated has a power conversion efficiency of 5.2 % under AM 1.5, 1000 W/m 2 illumination conditions which is a significant improvement compared to previously reported values for laser sintered DSCs [3] and equal to that of standard oven sintering paving the way for applying laser sintering processes to this new solar cell technology.
